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PreviewImmunity: It’s in Our Bones
Accumulating data suggest that the bone marrow is
a reservoir for memory CD8+ T cells. In this issue of
Immunity, Mazo et al. (2005) show that bone marrow
CD8+ T cells are predominantly CCR7+/CD62L+
“central memory” cells and describe specific signals
that mediate their constitutive recruitment from the
blood.
In the past, immunologists have tended to have a rather
centrist view of the immune system. T and B cells de-
veloped in the thymus and bone marrow, respectively,
and the lymph nodes and spleen were considered to
be the central reservoirs of adaptive immunity and were
therefore the focus of intense scrutiny. Over time, how-
ever, it has become increasingly apparent that the im-
mune system has a far more decentralized governing
system. First came the realization that lymphoid tissues
at mucosal sites had their own specific organization
uniquely adapted to mediate specialized functions. Se-
cond was the observation that lymphoid tissues can be
generated de novo at nonlymphoid sites in response to
local infections. Finally, the bone marrow was shown to
play several unexpected roles, including serving as an
important reservoir for memory T cell populations.
The bone marrow has long been known to play a
central role in the immune system as a primary hemato-
poietic organ. However, there has been a growing real-
ization that the bone marrow may also play a more
integral role in immune responses by hosting and regu-
lating adaptive immunity. A key advance was the dis-
covery that the bone marrow is a reservoir for long-
lived, antibody-secreting plasma cells and is thus
involved in the maintenance of long immunity (Slifka et
al., 1998). With respect to T cells, it has been shown
that under certain conditions, the bone marrow can
serve as a site for the initiation of naive T cell responses
(Feuerer et al., 2003; Tripp et al., 1997). Furthermore, a
number of reports have also indicated that bone mar-
row might be a reservoir for memory T cells, although
it was not clear whether the cells were just circulating
through the marrow or whether there were specific
mechanisms of recruitment (Di Rosa and Santoni, 2003;
Klonowski et al., 2004).
Now, an elegant study in this issue of Immunity
(Mazo et al., 2005) demonstrates that central memory
CD8+ T cells are preferentially recruited to, and accu-
mulate in, the bone marrow. This recruitment is a
multistep process involving PSGL-1- (and indirectly
CD62L-) mediated rolling and VLA-4-mediated arrest in
bone marrow venules. Surprisingly, the arrest of cells
also appears to be enhanced by CXCL12 (a ligand for
CXCR4 on central memory T cells) yet does not abso-
lutely require G proteins, which is uncharacteristic ofchemokine signaling. However, G protein-coupled re-
ceptors were involved in the subsequent emigration of
the cells into bone marrow cavities. These data begin to
provide a mechanistic explanation for the preferential
accumulation of central memory T cells in the bone
marrow. The involvement of CD62L explains the prefer-
ential accumulation of central memory cells (as op-
posed to CD62L− effector memory cells). In addition, a
postulated requirement for high levels of CD62L on
central memory T cells in this process further distin-
guishes their recruitment from that of circulating
hematopoietic stem cells, which are recruited in a
CD62L-independent manner, even though they express
moderate levels of CD62L.
An interesting feature of these findings is the rela-
tively large number of central memory cells that accu-
mulate in bone marrow in both the mouse model and
human. It is possible that the bone marrow simply con-
stitutes a useful storage site for these cells. The evolu-
tionary drive to lighten the weight of bones by making
them hollow has provided an excellent niche for other
cells and systems. (This is not dissimilar from the aer-
oengineering trick of using the hollow wings of aircraft
to carry fuel.) However, it is also possible that the bone
marrow is a prime source of factors required for the
maintenance of central memory T cells. In this regard,
it has recently been shown that the bone marrow is a
preferred site for the IL-15-dependent homeostatic pro-
liferation of memory T cells (Becker et al., 2005). An
interesting possibility is that the high numbers of
central memory T cells in the bone marrow and their
increased rate of homeostatic proliferation may be a
major mechanism in the progressive accumulation of
central memory T cells over time in the secondary lym-
phoid organs (Wherry et al., 2003). In addition, it has
been shown that entry into the bone marrow is compet-
itive and saturable (Di Rosa and Santoni, 2003). This
raises the possibility that the bone marrow in aged mice
becomes progressively filled with functionally defective
memory CD8+ T cells that arise as a consequence of
clonal expansions in aged individuals. Indeed, these
cells accumulate within the bone marrow in murine
models of osteoporosis and have also been shown to
correlate with increased frequencies of osteoporotic
fractures in the elderly (Effros, 2004). These observa-
tions are consistent with emerging evidence that T cells
in the bone marrow may be directly involved in regulat-
ing bone resorption and bone formation. This may be a
classic example of biological economy—the linking of
immunity with other basic physiological functions.
Although it is now clear that central memory cells are
selectively recruited to the bone marrow, many ques-
tions remain. There are still details to be worked out
regarding the recruitment process. For example, the
role of CXCL12, which is abundantly produced by bone
marrow stromal cells, remains unclear, especially in
light of the fact that it has two distinct isoforms. In addi-
tion, the role of LFA-1 is unresolved. Although excluded
in the current study as a major player in memory cell
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lymphocyte recirculation through bone marrow (Berlin- 1
SRufenach et al., 1999). Mazo et al. (2005) conclude that
there are likely to be additional rolling pathways in-
volved, as inhibition of all selectins did not abolish roll-
Sing, and additional unidentified adhesion receptors may
be involved in bone marrow sticking. There are also
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